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Field of Invention 

10 The invention relates to a belt retractor for an occupant 

restraint system, comprising a frame, a belt spool having a 
pair of flanges and rotatably mounted in the frame, and a 
locking mechanism for selective . blocking of the belt spool. 

15 Background of the Invention 

The locking mechanism of a belt retractor that locks in 
emergency situations is usually activated mechanically. The 
vehicle- sensitive activation is normally effectuated by an 

20 inertia element that causes a pawl to engage with the 
ratchet of a disk cam which then stops, the relative 
rotation that then occurs between the belt spool and the 
disk cam being used to engage a locking pawl into position. 
With the belt- sensitive actuation, an inertia disk is used 

25 that can be rotated relative to the belt spool and that lags 
behind the rotation of the belt spool in cases of high 
acceleration of the belt, once again the relative rotation 
between the inertia disk and the belt spool being used to 
engage the locking pawl into position. 

30 

A short locking path is desirable in locking mechanisms 
for belt retractors. This can only be achieved with a 
relatively complicated and intricate mechanism. 
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Brief Summary of the Invention 

The belt retractor according to the invention is fitted 
with a locking mechanism that employs the simplest of 
5 mechanical means to ensure a short response time and 
consequently a short locking path. According to the 
invention, the locking mechanism comprises an external 
toothing on at least one of the pair of and a locking pawl 
pivotally mounted on the frame for selective engagement with 

10 the external toothing, the locking pawl being biased into an 
engaged position and capable of being moved by means of a 
solenoid into an inactive position out of engagement with 
the external toothing. During normal operation of the belt 
retractor, the solenoid holds the locking pawl in a position 

15 in which it is disengaged from the external toothing on the 
flange of the belt spool. Suitable means detect an emergency 
situation that requires activation of the locking mechanism. 
For this purpose, the solenoid is switched off so that the 
locking pawl is immediately engaged into the external 

20 toothing on the flange of the belt spool. Preferably the 
bias on the locking pawl in its engaged position exerted by 
a spring force is assisted by a force of gravity. 

In the preferred embodiment, the external toothing is 
25 formed on a wheel member on the one flange of the belt 
spool, the flange extending radially beyond the wheel member 
and the locking pawl bearing laterally on the flange. 
Preferably, the locking pawl additionally bears laterally on 
the frame on a side facing away from the flange of the belt 
30 spool. Since the locking pawl bears laterally on both sides, 


3 




-3- 


it is only subjected to pressure in case of load, and can be 
especially easily supported in a recess in one side wall of 
the frame. An especially advantageous embodiment is one in 
which the frame has a side wall with a main section and a 
5 parallel wing connected to the main section by a bent wall 
strip, a bearing recess extending within the wing, through 
the bent wall strip and into the main section of the side 
wall, the locking pawl having a rounded end pivotally 
accommodated in the bearing recess . 


The combination with an electric drive for the belt spool 
is especially advantageous. The electric drive replaces the 
conventional tensioner spring and can also effectuate a 
pretensioning in case of an imminent collision. With a 

15 suitable sensor system and a drive control with 
microprocessor technology can control numerous functions of 
the tensioner that can only be achieved with complicated 
mechanisms in the case of conventional retractors . These 
include especially the actuation of the locking mechanism 

20 which, in the belt retractor according to the invention, 
only requires a signal to activate or deactivate the 
solenoid . 

Thus, the subject matter of the invention is also a 
25 process to activate the locking mechanism in a belt 
retractor of the described type. The process consists in 
that the rotation of the belt spool is detected, in that an 
actuation signal is generated at a rotational acceleration 
or rotational speed of the belt spool that exceeds a 
30 predefined value, and in that this actuation signal switches 
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off the solenoid. When the belt retractor is in normal use, 
the solenoid holds the locking pawl in a position in which 
it is disengaged from the external toothing of the wheel 
member. In order to minimize power consumption, the 
5 actuation signal for the solenoid is pulse-width modulated. 
The rotation of the belt spool can be detected magnetically 
or optically. Especially advantageous embodiments are those 
with Hall sensors that can be mounted on a printed circuit 
board together with the motor controlling circuitry. The 
10 printed circuit board preferably also holds the solenoid 
that controls the locking pawl . 

Brief Description of the Drawings 

15 Additional advantages and characteristics of the 

invention are found in the description below of an 
embodiment of the belt retractor and in the appended draw- 
ings. The drawings show the following: 

20 Figure 1 a schematic perspective view of the belt 

retractor; and 

Figure 2 an exploded view of the belt retractor. 

25 Detailed Description of the Invention 

The belt retractor has a frame 10 with two parallel side 
walls 12, 14 that are connected to each other with 
crosspieces 16. A belt spool 18 is rotatably mounted in the 
30 frame 10. The belt spool has a pair of flanges 20, 22. A 
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wheel member 24 provided with an external toothing is 
mounted on the flange 22. The flange 22 has a larger outer 
diameter than the wheel member 24 and consequently extends 
radially beyond the wheel member 24. 


The side wall 14 of the frame 10 has a main section 14a 
and a parallel offset wing 14c connected to the main section 
by a bent wall strip 14b. An oblong bearing recess 26 
extends within the wing 14c, through the bent wall into the 

10 main section 14a of the side wall 14. A locking pawl is 
inserted into this bearing recess 26. The locking pawl 30 
has a tip for engaging in the external toothing of the wheel 
member 24 and, across from the tip, it has a rounded end 
pivotally accommodated in said bearing recess 26. In the 

15 installed state, the locking pawl 3 0 is supported on one of 
its sides by the flange 22 and on its opposite side by the 
main section 14a of the side wall 14. It lies in a common 
plane with the wheel member 24 and the wing 14c in which the 
supporting end of the bearing recess 2 6 is located. 


The locking pawl 3 0 is rigidly connected to a laterally 
extending armature plate 32 of ferromagnetic material. A 
solenoid 34 interacts with the armature plate 32. The 
locking pawl 3 0 is stressed by a tension spring 3 6 in such a 

25 way that it is engaged into the external toothing of the 
wheel member 24 . The engaging movement of the locking pawl 
3 0 is additionally assisted by the force of gravity. Conse- 
quently, when the solenoid 34 is in the resting state, the 
locking pawl 3 0 is engaged with the wheel member 24 so that 

30 the belt spool 18 is blocked. In the normal operation of the 
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belt retractor, the solenoid 34 is activated so that the 
armature plate 3 2 lies against the core of the solenoid 34 
and the locking pawl 3 0 is held so that it is disengaged 
from the external toothing of the wheel member 24 . 

5 

The belt retractor has an electric drive for the belt 
spool. This electric drive consists of a brushless direct- 
current motor with an outer rotor 40 and an inner stator 42, 
whose driving pinion 44 is coupled via a toothed belt 46 to 

10 a drive toothed gear wheel 48 on the side of the belt spool 
18. The entire drive is mounted on a base plate 50 that is 
supported on the outside of a side wall 14 in such a way as 
to pivot to a limited extent. The pivoting motion of the 
base plate 50 is utilized to exert tension on the toothed 

15 belt 46 as a function of the required driving torque. At a 
low driving torque, the toothed belt 46 is relatively loose 
so that minor drive losses and no running noises occur. At a 
high driving torque, especially during the pretensioning 
that occurs in the case of an imminent collision, the 

20 toothed belt 46 is tensioned so that no teeth are skipped. 

The drive control for the electric motor is also mounted 
on the base plate 50, especially in the form of a printed 
circuit board 52 that also holds the solenoid 34. Since the 

25 printed circuit board 52 is also moved during the pivoting 
motion of the base plate 50, the solenoid 34 likewise moves 
relative to the locking pawl 30. The path of motion of the 
solenoid 34, however, is configured in such a way that the 
the core of the electromagnet is spaced from the armature 

30 plate 32 a distance that remains essentially unchanged. 
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Means for detecting the rotation of the belt spool are 
also mounted on the printed circuit board 52. These means 
recognizes a sudden rotation of the belt spool on the basis 
5 of the rotational acceleration and/or rotational speed in 
order to actuate the locking mechanism in a belt -sensitive 
manner. During normal operation of the belt retractor, the 
solenoid 34 is actuated with a pulse-width modulated signal. 
In order to activate the locking mechanism, the solenoid 34 
10 is switched off so that the locking pawl 3 0 is engaged into 
the external toothing of the wheel member 24, assisted by 
the spring 36 and by the force of gravity. 



